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DIREUNWDING D3SIGN CHARTS FOR 24&l ~

FLAT COMPRESSICSNX’AKEISHA!JTNGLUNG3Z7JDINAL

STRAICH!JW33 Y-SECTION ST~E

By Norris l?.Dow, Ralph E. Hubka, and William M. Roberts

Direct+ead@ design charts axe presented for 2k’?#Zalumin~oy
flat ccmqwessicm panels ha- longitudinal straightweb Y-sectim
stiffeners. These c~s make possible the Uect determination of the
stress and all the panel propofiions required to carry a gimn intensity
of loading tith a givm skin thickness and effective length of psnel.

mTRODucTmN

Design charts for wing coqmession panels have been presented in
several difYerent forms. (See references 1 and 2.) In reference 3, a
form was developed which permitted the direct selection of propotiions
for given values of the principal design conditions – intensity of
loading, skin thiclmess, and effective length of panel. This form also
made possible the ready determination of the proportions having minimm
weight to meet these ccmditicms. The charts presented in reference 3
covered ~ al.umin~oy flat compression panel.ehaving longitudhsl
straight=webY~ectian stiffeners. similar charts for 24S+ smminw+
alloy panels with formed Z%ecticm stiffeners are presented h reference 4
and direct-reading design charts for 24SJI almdmm+dl OY Y-stiffened
panels me presmted herein.

SYMBOIS

The symbols used for the panel dimensions are
b addition, the following symbols are used:

c coefficient of end fixity as used in Euler

d rivet diameter, inches

L length of panel, inches

P rivet pitch, inches

given in figure

column formla

1.
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2 NACATN ~Oa 17’7’j’

‘i compressive load ~er inch of penel width, kips per inch

r W fillet radii, hches

z. cros~ectional area per”inch of panel width, expressed as an
equivalent or average thickness, inches

P radius of ~tion, iuches

F.f average stress at fai13ng

‘cr stress for local bucld.lng

%y compressive

Direc+reading

yield stress,

load, ksi

of sheet, ksi

ksi

r

D~IKGDE31GN CHARTS

design charts for 2- alumin~oy flat cm
pression penels wti% lcn@tud3nal straight-webY-section ‘&.ffeners
having the popetiies and ~oportions given h tables 1 to 6 me pre-
sented h two form in figures 2 to U.. w the first form (figs. 2 to 6),
the desi~ cmditicms of intensity of loading, effective lenghh of
psnel, end skin.thiclmess are inmrpcrated in the ordinate Pi/t~ and.

the abscissa a. This form, having the desi~ cmditims incorporated
L/J’6

h the ordinate and abscissa, is the more useful for most desi~ purposes
because the curves are more widely spaced @ titerpol.ationis more
strai@forward . Ih the second (alternate)form (figs. 7 to IL), the
average stress at failure ~ is plotted against Pi/tS as was dme tn

the eummexy plots of reference 5. T!hia alternate form, hamlng the stress –
an inverse measure of weight for a @van load – as ord3nate, is the more
useful for InaMng generalizations and.comparisms of structural efficiency f
because it shows how nearly the stress actually carried approaches the
upper limit corresponding to the stress &t would be achieved by a pure
shell construction if a pure shell could carry the load without f+ure.

This upper limit of stress is represented by the Unes for ~f = “~
ts

(infinite stiffener spacing) in figures 7 to Il.

Values of the ratios of stiffener thickhess to sti thiclmess ~/tS,

average spacing of rivet lines to skin thickness S/tS (because there

are two rivet lines associated with each Y-section, the sttf’fenerspacing
eqwils 2S), md height of Wfiener to stfi=er ~c~ss H/~, which

will satisfy the design ccm33tiom, may be found &Jrect3y from these
charts, end the corresponding section properties t/ts, 11/t& - P/%

may be found frcm tables 2 to 6. = the first form of desi@ chart

(figs. 2 to 6) dashed lines are used to iniicate tiues of average

u
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NACATN NO. 1~

stress at fallure 3f;

(figs. 7 to u) dashed

whereas, m the alternate form of

lines are used to indicate values

both forms the value of Ff correspcmiing to the point at which each

desi chart
5?of J. ~
L/fi

curve is cut by a short he~~ lihe is the value of the stress for local
buckl~ UCr for the propotiicms represented by the curve. For

example, the value of Ucr for ~. 33.8 and ~ .16.2 in figure 2

(

% t~

is ap~oximately 41.3 ksi. Qnly a very *ort panel

would buckle before failure –mehavinga valueof

of these proportions

.3

line would fallE the value of ucr is so low that the short heavy

outside the boundaries of the chart, a numerical value of Ucr is given -
end is associated with the.proper proportions by a leader to the curve.
The panel proportim which have mhxlmum weight are indicated on both
forms of these charts by the use of colors as follows:

(1) H the Proportions correspond to a blue region, they are the
~oportims which give the lightest possible 24S4 Y-stiffened pauel
which wIU meet the desi~ conditims

(2) IX the proportions correspcmd to a red regim, they are the
li@test possible at the ratio of stiffener thickness to sldn thickness
given by that particular chart, but mm other thiclmess ratio would
giVe a lighter defligu

(3) m me proportions
meet the design conditim,
meet the ccm33tiaus

cmrespmd to a white regim,
but they are not the lightesb

the proportims
which will

.

Because h many cases the proportions may be varied somewhat frm
those indicated by the red end blue regims with little change in the

. value of the stress that can be carried, too mch importance should not
be attached to the exact proportions indicated by the colors to have
mintmm weight. In any particular case for which a detiatim frmu the
mh3mm+eight yroportims is made, however, cautim dictates that the’
weight penalty associated with this deviation be detemdned.

The direct+reading design charts presented herein were developed in
the manner described in reference 3 from the test data end resulting
curves given in reference 5.

USE OF TEED EQQHIMDING DlE5KN CHARTS

The manner of using the d.irect+readingdesign charts depends in
some measure on the desired degree of ~ecision of interpolation smong
the curves. For mmy purposes, interpolationby inspection is of
adequate acmrac y, and the use of the charts requires only the calculation

.—. .— ... ..— —.,—-. -.-. — . . ...—— .- ....— --. — . . .. .-.— —— ——— .. . .
...-



4 NACA ~ ~Oo 1~

Pi
of the values of the desi~ parameters PJt~ em — to permit the

L/fi
desired proporticms to be read directly from the curv88. The proportions
for nd3Mmm wei*t, moremer, may be found directly as those comespcmding
to the blue regim on the curves. .

If more accurate interpolation is desired, a plot can readily be
me of H/~, =f, m acr aga= s/ts at the given v-dues of pi/tS

‘i— end the proporticms can be picked from it. (This plot Is
L/c

similar to that which results from the use of the ~“ifjht desi~
procedure with the previously available design charts as illustrated in
reference 2.) On a plot of this type, the proportions for minimum weight
correspond to those associated with the highest value of Zf.

As a check cm the accuracy of interpolation,the cross-sectional area
per inch of tidth of the design may be detemined from the values of z/t~
given h tables 2 to 6 and the value of the intensity of loading Pi that

can be carried on this cros~ectimal area per inch at the value of Zf

given by the charts may then be compared with the design value of Pi.

In order to illustrate the use of the Urect-reading desigq charts
end the shqlicity of the cmputaticms associated with them, a psnel
will be desi~d for mintmzm weight to meet the ssme principal design
conditions used.to illustrate the desiga procedures ~ reference 2,
name~ :

1. Tntensity of loading Pi = 3.0 kips per inch

2. Skin thiCkIleSS ts = O.O@+inch

3. Effective length L/@ = 20 inches

As was pointed out in reference 5, an intensity of loadhg as smaU
as 3.0 kips per inch may require a stiffener thiclmess smaller than
can be successfully extruded. The value of Pi of 3.0 kips ~er inch
is retahed for the exsmple, however, in order to provide a ready
ccqmrison with the examples of reference 2.

——-. -——— .—..-,.. ..--— ----.,, .. ”,. -“, ,,-.
-- ———.. .—,-. ,., . .
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Pi
First the values of Pi/tS and. — me calculated

L/fi

pi 3.0”—=—
t~ 0.064

= 46.g ksi

‘i 3.0

~ = 20/Ji

, will

= 0.15

Then a trial value of ~/t~ iS

)be used . Ih the chart for this
/“

pohbs corresponding to the

the red line at %<44e6
% -.

ksi

(

%
assumed for the example — = 0.51

‘s
value of ~/tS (fig. 3) tie

Pi
design values of Pi/tS and — lie above

@ ~S24), .elmthe.e.l @at ~~55.3

Accordingly, the value of

between 44.6 ad 55.3, and
not blue lhes, sane value

weight ● Ihqection of the

at the given design values

H/~ for minimum %— = 0.51 lieswei@rt for tS

because the values are established by red lines,
of tJtS other then 0.51 wiU give less

charts for other values of tw/tS reveals that

of .PJts and ‘i
— the blue region lies
L/~ +-.

betwem — =
:

55.3 and ~ = 60.7 on the chmt fm ~
% ts

laticm, the panel proporti&s correspmding to this blue

= 0.40. By interp*

region are found

. . _____ ..._. ____ ____~. ...— —. .,.. ..__ .__. . ,-... . ._.— —.---——. — —.— —-
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minimumweight . The actual ymiel dimensions can be calculated from these
propotiim as

.

= 0.40(0.064)

~ 0.025 inch .

‘%“z

= 60.5(0.025)

= 1.51 inches

s 27.o(o.o&)

= 1.73 inches

end the section ~opertief3 cm be ‘deterndnedfmm table 2 as

z
li=— tg

‘s

= 4.90(0.064)

= 0.314 inch

P =$=ts
s

= 8.13(0.064)

= o.521, @3h

. .

.
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NACATN NO. 1777 7

Tn order to illustrate the use of the d&ec~eaiUng design charts
when more accuracy than that corresp

Y
to interpolation by *ection

is desired, a ylot has teen made (fig. 12 of the values of Zif,crcr,

Pi

end H/~ given by the chextm at the design values of l?i/tS “and —.
L/fi

The proportions which give the highest value of q can be readily -

selected from a plot of this kind. (For the example “theseproportions
are so nearly the same as were obtained by inspection that the values
will not be repeated; however, the flatness of the curv&’of Ff against

S/tS in figure 12 shows that, for a fairly @de range of propotiions

for this particular desi~, the stress that could be carried would be
substantially the same as that for mimhmm weight.)

As a check on the accuracy of interpolatim, the magnitude of %/tS

for these proportions can be detemined frcm table 2 and multiplied by
the values of ts and ~ for the desi~. This product
equal to the desigu value of l?i. For the exem@le

z
f
= 31.3 ksi

-
t
— = 1.500
‘s

should be

= 3.3(1.500)(0.064)

= 3.0 kips per inch

which agrees with the design value of Pi originally assumed.

-w Aer-utfcd LabOratO~
Naticmal Advisq Committee for Aeronautics

Iangley Field, Pa., July 30, 1948
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NACA TN No. 1~

TABLE 1.- lwcmIAL FROPEEUTEE

24EH? MmmmHUm PANEU3

STRAIGm—WEB Y-mC!l!Im

AND l?Rol?oR!rIoNs

HATING EXTRUDED

pwdetails of stiffener pro-porticmsad diameter
end pitch of rivets, s~e ~ables 2 to 6; for
paael dimensions, see fig. 1]

Material.properties

AlumirlumaUoy ~cy
(ksi)

Sheet 24&Jr 44.0

Stiffeners 2W 42.3

Proportims

%
%

= 0.56 ~ – 0.89
%

%= 1.79 — + 1.6
$$

% ‘2s

(
– 0.58

)

%?~=% ~+ 3.7 ~
tw

s bs

(

%
)

%1.—=0.5~+ 0.52 %+2.3
ts ~

.

9
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-0.401 &9.3; :T)BL2 2.- (Y-PAHR. 2P.omrx22 1=1.51 +h6
●

.1.*; ~.1.06; ~=0.%; =1;

T_1’9

L— - — — . —
32

.4

1 3323

.

:;%

&

1.2
1.2

1.204

2.
2.

1.

4. 3

Y
4. 1
k. .29
k

L

P
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TABLE 3.-

No. 1~

rY-PAn2L PRoPETrIKY ~

IL

——.—. —.-

-0.,,: %=,.,; g+=:
_]
~=6.O

33

2.0
1.99

1.9
1.69
1

1.m6
1.810
1

1.

L.

7.1

5.

u.
11.

11.

11.21
11.1
11.1 i

E:: 3
10

10.
10.*

10.

@

,2.0;

18

1

1.

1.

1.Q35
1.U20

l,2&o
l.nl

2.s

2.605
2

6A6:?

u

31
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. .



-—. —.- .—.-. __ —.. .

12

IA2L - Y-PM2Z PRomrmz E

18

2.m5
1

t

1.1335
l.me

1.

1.
1.

1.4
1.

1.415
1.402

4.606

h.1

7.b3

7.
7.

>

~

6: %
6 .
6 . iii

-0.63; E&=9.3; $ . l.ol/:
L—

NACA ~ NO. 1~

bF-o.69; ,
1~ -1;+

35

Zv5T

m

H
2.1

2.C4

1.22

1.62-3
1.61z

imzi
lz. ~
12.2.2
1

11.ag
11.

R;!

nnx
9.412

w:

9.o29
ls.e-6

d

14.g4

lb

14.61
lU.
lk.

lb.
14.46

14.04
13.95
1

1.
1
wL :3
13.28

-...—. .—.~.,~ - —..-
-,. .. . !,,

—— . . . —.!—---=--- “—-
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FTABLE 5.- Y-PANEL FROP9RTIES E
L

~ b
-0.79; ~“. 9.3; q-l. c&; $. I.06; ~.o.94; ~.2.13; ~-o.69; %=l; +=2.3;

30/32 32

~
2.953

w;

2 :d*

2.61

2:
2.
2.~

2:40°
2.3 d

2.2

2

1.

1

B
10
1.

g

16. o

1

12.

18.
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2813150
-
51

-7.
J

33

}.63

3.1

2,9
l-’2.9 2

g

~

? :21

\
? .11
2 .02
22.

$
22:

22:?J

22:12
21.94
2;, ;
&

21:2s
21.12
iQ.96
20

L9.32
L9. L2

24,0

24.01

2!.
2 .gg

23.9

23.
&

.
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—
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A?
~>3tll, l\l, ,lI I I I of ~glves less weight Ej1

70

E60

5

40

72

,?5

m
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3
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.?6

30

1
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so
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70 23
26
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35

44?
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60

30 Tt

84

25

.?0

/8

te
15

.05 .06 .07 .08.09 .10 ,15 J?o .P5 ,30 .40 .50 .60 .70 .6090 MO

.

—.

+Figure 2,-Direct-reading design chart for flat compression panels of24S-T alum[num

a//oy wi /h straight-web Y-section stiffeners ~. a40.
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40 50
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.05 .06 .07 .08.09.lb .15 ..?0 .25 .30 .40 .50 .6o .70 .80 S“0100

Figure ~- Concluded. ~ = 0.40.

.. --—--—--------- -,--—- .—— -_. .—. ——-—. ..— -c _____ . _
., . .



18 NAtM TN No ● 1~

90 I 1 I 1 I i 1 1 1 1111 I I I 1 1
1’ 1’]’

bs
1 1 1 1 1 1 1 I

80 q#y u /~Ai3

70 E

60~ 4=33> I I I I,
--

40
I I t

1 I 120A

r-v4 3s

#?zo 42

36.0 60

4L9 z 7.?
pa 48.o_ 84

Colors indicate mfn.h~m-we?ght

~a

/6~ I t’

a3
i?6
so

3s

42

50

60

72

84

%* 1 i 1 I 1 1 1 I I t 11 1

80 -
I — 24./ - 3070 — 553

(30)60—
7

,ks)

I

-.

sot’ 11111,111 I I I I 111111111111111111111 I I I I I 1 ,111,1
-0S -06.07 .08-6s7 JO .15 .Po ..?s .30 .40 .s0 .60.708090 Wo

figure 3.–Dfrect-reading design chart for ffof compression panels af 24 S-T aluminum

alloy with straight- web Y-sectian stiffeners .~ -0.51.
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No.”1~

+
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I
1
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I - “’ ~1
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t 4.39-2 I 1
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40

30

25

? Y<”
Eo

—

4-

427– 7.?
—

,- .- — 487: 84
1 ~ -

.
f

<W,hiz t---% --i kl
-,. . I\@ . * i

.-

1 I
Il.

/8 I I I I
I I II I 1 I I II II 1111 I I I I I

YAH
‘Iv

–--PS--4” --1
J_

90

80
/?3

26

70 30

60
35

4.2

so 50

60

7.?

84

J?s

I I I I I Ill 1111 I I I I I I I I I i- ;7?0’ 1 1 1 I I 1

90

80 23
*

70 30

60
3s

4P

50 so

60

40 78

84

30

2s < L [02
-,

Z5 rv stiffeners.42.3 M

20 I I 1 I 1 I I I I I I I I 11,,, 1,,, 11,,111,1,1, I r

.05 .06 .07.08.09 JO ./5 ..?0 “’25 30

i%
c ,ksi

tw
Figure 3.-Concluded. ~ 0.51.
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3*
loo~l I i I I I I Ill 1 1 1 I I I t 1 I I’ltill’111 I I 1 1 I 1 ( 7!s’P ,.!s.~ K

90
I I I I I

40/
80

~33.8
i

Iw
33

70 —

.?3
26
.30

35

92

50

60

7i?

84

30

J?s

1 ,1,1,1,1 11[1111111l!.
“,

I 1 I I t v..
eot ‘ ,1 s#—

100 ~, 1 1 I I I 1 I I I I 1 I I II I 1 I L I I ,

90 1’
Jff=fbMefi all em

I

80 , 3
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30

35

47?

50

60

7E

40
84

30

.?5

100

90 5:

80
30
35

70 42

60
so

60

50 72

84

40

30

25

-z
.05 .06 .0708 .09 JO .1s J? o i?s .30 .40 .30 .60.70 .80.80 UV

P

z+
, ksi

Figure 4.– Direct-reading design chart for flat compression ponels of 24S-T oluminum

alloy with st roight- web Y-section stiffeners .~ 0.83.
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